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Abstract 


Part  I. 

Fifteen  normal  subjects  and  eighteen  asthmatic  patients  were  tested  by  spiro- 
graphy  and  body  plethysmography,  and  changes  of  airway  resistance  oeforo  and  after 
inhalation  of  sulfur  dioxide  in  three  and  six  minutes  were  followed  and  analysed. 

The  mean  of  variation  of  airway  resistance  was  1.85  in  normal  subjects  and 
2.03  in  asthmatic  patients,  and  S.O.  of  variation  of  that  was  10.2  in  formar  and 
±1.67  in  latter.  Airway  resistance  was  higher  in  moderate  or  severe  cases  of  di¬ 
sease  than  in  mild  cases. 

Asthmatic  patients  showed  increased  sensitivity  to  sulfur  dioxide  at  5,  13,  20 
ppm  in  the  air  during  the  period  of  three  and  six  minutes  inhalation  while  no  change 
was  recognized  at  13  ppm  in  the  group  of  normal  subjects.  A  correlation  between 
daily  variation  of  airway  resistance  and  daily  changes  of  the  atmospheric  content 
of  sulfur  dioxide  was  noted  in  a  asthmatic  subject. 

% 

Part  II. 

In  experimental  asthma,  change  of  mechanical  properties  cf  the  lung  of  guinea 
pigs  was  studied  in  relation  to  dose  of  administered  histamine  and  acetylcholino . 
Total  flow  resistance  and  pulmonary  resistance  increased  abruptly  at  the  time  of 
shock  as  much  as  twice  of  the  control  value,  while  pulmonary  compliance  began  to 
decrease  on  inhalation  with  the  concentration  around  one  sixteenth  of  shock  con¬ 
centration  and  thereafter  almost  linear  relationship  was  found  between  pulmonary 
compliance  and  logarythm  of  histamine  or  acetylcholine  concentration. 

According  to  those  results,  the  influence  of  sulfur  dioxide  exposure  to  ex¬ 
perimental  asthma  was  studied  in  guinea  pigs,  measuring  bronchial  sensitivity  to 
histamine  by  the  change  of  total  respiratory  resistance.  However,  no  significant 
change  of  bronchial  sensitivity  to  histamine  was  observed  among  the  groups  exposed. 
The  results  give  us  an  impression  that  the  air-pollution  mig£t  be  one  of  the  aggra¬ 
vating  factors  of  bronchial  asthma  but  have  little  role  in  the  etiology. 


I 


1 


STUDIES  CP  RESPIRATORY  DISEASES  DUE  TO  AIR  POLLUTION  IN  THE  TOKYO-YOKOHAMA  AREA 


It  has  bean  found  in  tha  previous  reports^) 2) that  the  symptoms  of  bronchial 
asthma  and  chronio  bronohitia  increase  with  higher  concentration  of  juapended  par¬ 
ticles  and  sulfur  dioxide  in  the  air,  and  moreover,  an  impression  was  given  that 
the  inhalation  of  sulfa?  dioxide  increased  bronchial  sensitivity  to  acetylcholine 
in  guinea  pigs  in  which  changes  in  mechanical  properties  of  the  lung  such  as  lung 
compliance  and  airway  resistance  were  measured. 

In  an  attempt  to  explore  the  above  nentioned  results,  further  investigation 
has  been  aimed  to  clarify,  whether  airway  resistance  of  asthmatic  patients  is  in¬ 
fluenced  by  the  presence  of  air  pollutants  in  Tokyo  (1),  and  whether  the  mechanical 
changes  in  the  lung  in  guinea  pigs  induced  by  histamine  inhalation  are  influenced 
by  the  inhalation  of  noxious  agent  aa  sulfur  dioxide  (2). 


PART  I.  The  Influence  of  Sulfur  Dioxide  to  Asthmatic  Patients 
measured  by  the  Change  of  Airway  Resistance 

Pulmonary  obatractive  disturbance  observed  on  asthmatic  patients  was  measured 
by  spirography  and  body-plethysmography  as  well.  However,  airway  resistance 
measured  by  body-plethysmography  was  mainly  discussed  in  this  part  and  also  dis¬ 
cussed  in  relation  to  other  parameters  measured  by  spirography. 


Materials  and  Methods 


1.  Subjects 

Fifteen  normal  subjects  and  eighteen  asthmatic  patients  were  tested  by 
spirography  and  body  plethysmography.  Normal  subjects  were  healthy  laboratory 
personels  having  no  respiratory  disorder  due  to  specific  or  non-speolfio  diseases. 
The  asthmatic  patients  were  chosen  from  the  Outpatient  Clinic  of  the  Department  of 
Physical  Therapy  and  Medicine,  University  of  Tokyo,  Sohool  of  Medicine.  Their  sex 
and  aga  distribution  were  listed  in  Table  1  and  2. 

2.  Methods 

1)  Spirography  was  performed  using  Benedict-Rotb  Respiremeter  which  capacity  was 
13* 5L  and  it's  recording  speed  was  44nm/seo.  Measured  parameters  were  vital  capa¬ 
city  (VC),  a  percentage  of  vital  capacity  to  the  predicted  volume  (jCVC),  forced 
expiratory  vital  capacity  (7EV) ,  ore  second  volume  of  BY  (lEY?  0)  and  a  percentage 
of  FEVi.o  to  the  m  (FRV  1.0#X 

2)  Airway  resistance  was  aeasured  by  *  body-pie thysaograph  with  Mochixuki's  method 

which  was  a  reformation  of  DuBois*  original  method.  Applied  principle  was  based 
on  the  theory  that  airway  resistance  (R)  in  the  ratio  of  trans-airway  pressure  (F) 
during  flow  to  airflow  Measuring  nrocedurs  is  stated  below. 

A  subject  sits  and  breaths  inside  on  airtight  box,  In  which  pressure  of  the 
box  ie  the  mirror  image  of  alveiolar  pressure.  If  the  ratio  of  alveolar  pressure 
to  box-pressure  is  known,  airway  resistance  will  ae  calculated  by  aeasuring  airflow 
and  box-preasure.  Airflow  can  be- measured  directly  by  pneumotachograph. 


In  DuBols'  original  method ,  air.-"  of  pc  curio  tachograph  ia  shut  during  panting, 
so  that  alveolar  pret-au^e  can  bo  related  t:  the-  plethycmo graphic  pressure  because 
of  uo  airflow  at  the  rr.eiit-  r:. .  Or.  t’n  other  h-cici,  in  lfochizukift>  modified  method, 
an  artificial  . -esict-Tca,  of  which  value  i  ;  kno7.n,  ia  inserted  between  the  mouth¬ 
piece  and  the  vr  jvjEot  •clicgrc.ph  during  pan-tug.  Accordingly,  resultant  phase 
difference  bet-veer,  pie  ’ .tynxjvrai.-hio  F  :  ./.mu  e,  i.e.  alveolar  pressure,  and  airflow 
is  related  to  the  pnava  difference  occurrea  ifca  an  artificial  resistance  is  re¬ 
moved.  Alveolar  and  pit. V. -ysmegraphic  pressure  can  be  calculated  iron  such  para¬ 
meters  as  phase  differs  nor,  v'.luno,  airflow  ar.u  anlf  er.t  pressure. 

Tiie  whole  appcrato.a  i*.  sbo w.  j.r.  'Pi'.,  1 .  *(V-',-ifiod  points  in  the  apparatus  was 
as  follows. 

(1)  An  artificial  resistance  war,  inserted  bo  t -a  the  mouth-piece  and  the  pneumota¬ 
chograph.  ml  it  t::.t  controlled  by  m  operator  from  outside.. 

(2)  A  srra.lt  r- vight  box  -as  placed  in  fr-nt  of  the  face  of  a  subjects  sitting  in 
the  box.  Air  in  the  frail  box  was  connecter  to  that  of  plethysmograph  through 
a  tubing  of  5 on  vlirratof  and  lOOon  in  length,  and  temperatur  of  it  was  kept 
at  :'l°Z  with  v? pour  catenation.  This  email  box  was  designed  to  avoid  a  devia¬ 
tion  of  measurement  iu-.r  to  the  aiffortnoo  of  temperature  and  humidity  between 
exhaled  air  and  air  iu  the  bo.-:  of  plethysmograph. 

(3)  Measurement  of  airway  resistance  by  Uochi'/ukA ! s  method  was  done  in  following 
principle.  A  subject  cat  and  was  asked  to  part  through  the  -pneumotachograph 
in  the  body-pleinycmograph .  Airflow  and  the  box-prescurc-  were  recorded 
simultaneously  on  recording  paper  tr.roegh  the  period  in  which  artificial  re¬ 
sistance  was  inserted  between  the  mouth. -pices  and  the  pneumotachograph  and  re¬ 
moved  during’the  fast  shallow  braathing. 

Measurement  was  carried  cut  a:  flo*»  rate-  of  1  I./A  ac,  and  a  subject  was 
instructed  to  keep  the  constant  rate  of  airflow  (f)  during  the  examination. 
Pulmonary  airway  resistance  (R)  is  given  from  the  following  equation. 

“  . .  .^0  . . —  -  I*p 

(Tp/Ti  -  l) 

Where  Rg  and  R-  arc  flow  reels ta_-.ee  of  the  inserted  artificial  resistance  and  that 
of  the  pr.eu >ota jbe  araph  respectively,  and  ^  and  2  cre  +^ie  Phase  difference  bet¬ 
ween  alveolar  pressure  ar.d  airflow  at  ths  situation  that  the  resistance  is  inaert- 
ed.  and "> j  can  be  given  by  I'ividfr.g &V,  andA  V-  by  the  same  airflow  (f)  rea- 
poct'vrly,  where  A  and  AV^  As  dofle-  tier,  of  box  pressure.  Pic.  2  shows  a  sample 

tracing  of  the  moa3-l_ 

3)  The  method  of  the  inhalation  of  .cuj  fur  dioxide. 

The  air  containing  nu’.far  dioxic.:.  car  mat'  by  muring  with  sulfur  dioxide  gas 
to  the  air  as  3/10x1  in  Fig.  1.  The  content  of  col fur  dioxide  in  the  air  was  mea¬ 
sured.  by  Rcsani line -formal ins  methodic .uantitatively  just  before  the  inhalation, 
and  it's  quantity  used  fc.  .this  study  v,:.s  5>  1?  and  20  ppn  respectively. 

The  inhalation  was  carried  through  the  mo uth-picce  at  normal  breathing  rate 
and  mode,  when  the  contar  aiatsd  air  was  flowing  out  from  outlet  on2.1l/sec. 

4/  Measuremont  of  the  content  of  sulfur  dioxide  ir.  the  air  in  the  patient  room. 

Content  of  sulfur  dionda  in  the  air  in  the  patient  room  was  treasured  chemi¬ 
cally  by  Ro. aniline -Formalin  method.  J oparatus  and  principle  was  a3  shown  in 
Pig.  2. 

The  rocir.  air  whs  sucking  ir.to  the  idsorbir.g  b-ottle  with  s  flow  of  1.2l/min, 
during  ;0  .f  nut  as  litre  in  total).  After  adsorption  of  sulfur  dioxide  in  the 

solution  containing  mercuric  chloride  ^Z7»Zf»)  and  sodium  elilcride  (11. 7$)*  the  con¬ 
tent  of  sulfur  lioxide  in  the  solution  was  determined  by  photometry  and  the  origi¬ 
nal  corcentra'  on  of  sulfur  dioxide  in  the  air  woo  calculated  and  expressed  in  ppm. 
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5)  An  air  purifier  (product  of  Fuji  Electric.  Co.)  was  equipped  in  a  patient  room. 
The  principle  of  the  air  purifier  is  that  suspended  particulate  natters  are  adsor¬ 
bed  by  the  electric  discharging  method  and  sulfurized  by  the  electric  discharging 
method  and  sulfurized  matters  are  adsorbed  by  an  activated  charcoal,  with  a  filtra 
ration  rate  of  air  10  litre  per  minute.  This  apparatus  was  functioned  only  in 
particular  days. 


.  Results 


1,  Variation  of  airway  resistance  among  normal  subjects 

Results  of  spirometry  and  measurement  ~f  airway  resistance  were  listed  in 
Table  1.  In  the  control  group,  no  subject  had  VC  of  lees  than  8%  of  the  predicted 
value  nor  FEVi.o  of  less  than  8C$  of  the  predicted  value,  and  the  values  of  airway 
resistance  (em’Hjo/L/sec)  ranged  between  1.5  and  2.4  with  a  mean  of  1.85  (S.D.  t 
0.2).  This  variation  of  airway  resistance  .in  normal  subjects  seemed  to  have  nc 
relation  with  sex,  age  and  FEVi,o>,  although  number  of  cases  wa3  small. 


2.  Airway  resistance  in  asthmatic  patinnhn 

All  results  of  pulmonary  function  tejts  obt&i-.od  from  asthmatic  patients  were  list 
ed  in  Table. 2,  in  which  severity  of  the  disease  (graded  as  mild,  moderate  and 
severe),  sk intest  by  house  dust  antigen,  latest  asthma  attack  and  other  clinical 
references  were  also  shown  . 

The  values  of  airway  resistance  in  thin  group  ranged  between  0.4  and  3.8  (cm 
H2O /ijsec)  with  an  average  of  2.03  (S.D.  i  1.67).  This  average  value  was  higher 
than  the  control  group.. 

Case  distribution  was  presented,  according  to  airway  resistance  in  different  groups 
in  Table  3.  Values  in  normal  control  was  mostly  distrivuted  within  2.0  (cm  HjO/b 
/sec).  Therefore  all  cases  were  divided  into  two  groups  of  less  or  over  than  2.0. 
As  shown  in  Table  3,  resistance  c.C  ?.L..ost  all  of  nild  cases  were  in  the  normal 
range,  while  moderate  case-  wars  mostly  in  range  ex'  ever  2.0. 


3.  Changes  of  airway  resistance  after  irhaiatian  of  sulfur  dioxide  in  asthmatic 
patients  and  normal  subjects 

Measurements  of  airway  resist.-o.ee  before  and  after  inhalation  of  the  air  con¬ 
taining  sulfur  dioxide  were  performed  in  sixteen  asthoauic  patients  and  four 
normal  subjects.  All  subjects  inhaled  the  air  containing  sulfur  dioxide  of  5,  13 
or  20  ppm  during  three  minutes,  and  spirometry  ar.d  airway  resistance  measurement 
were  followed  immediatly  after,  ar.d  then  they  inhaled  again  the  same  air  farther 
in  three  minutes  ar.d  wore  tested  again  in  the  same  way.  The  results  were  presentee 
in  Table  4,  and  in  Fig.  3. 

Airway  resistance  in  the  groups  t.  asthmatic  patients  increased  partly  i*en  5 
ppo  of  sulfur  dioxide  was  inhaled  thru  r.uu.utes,  and  this  tendency  was  marked  when 
inhaled  six  minutes  (sum  of  two  successive  inhalations  with  3~ 5  minutes  interval 
with  inhalation  of  higher  lose  of  thirteen  and  twenty  ppm  of  sulfur  dioxide  all 
asthmatic  patients  showed  marked  increase  of  airway  resistance. 

On  the  otherrand,  normal  subject.,  showed  :io  increase  of  airway  resistance  by 
inhalation  of  13  ppm  of  sulfur  dioxide  fer  six  minutes  and  of  20  ppm  for  three 
minutes. 
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4.  Changes  of  FEVi . qA  after  inhalation  of  sulfur  di03ti.de  in  uthuatic  patients 
and  normal  subjects 

Chants  of  the  percentage  of  FEVp _ q  to  the  FEV  (FEV^f#)  after  iidialation  of 
sul.fur  di.xide  in  acth.natic  patients  and  in  normal  subjects  were  shown  in  Tafcie  4 
and  ir.  Fig,  4-  In  .same  oases  asthmatic:  group- decrease  in  Fci/^o  and  in  FEVl . 0% 
after  inhalation  of  sulfur  dioxide  v.vio  sae?*.  There  was  no  .ippoarenb  correlation 
between  the  magnitude  ol  the  decrease  and  the  cor  eentr -tier,  of  sulfur-  dioxide  nor 
the  dec  re  toe  and  the  duration  of  the  inhalation,  i.'o  rr.bjc.st  in  the  control  group 
showed  decrease  in  Fi',i,o^  after  inhalation  ol  smtifur  dicxice 

5.  Daily  variation  rf  airway  resistance  in  a~hu.at.LU  q.r.icTC,::  comparing  with  *LL- 
changes  of  content  of  sulfur  dioxide  in  the  oil. 

Daily  changes  of  airway  re  si  stance  and  FEVi.qJS  were  followed  in  four 
patients  hospitalized  in  the  clinic  for  9  to  13  days,  and  data  war-  compared  with 
daily  changes  of  sulfur  dioxi.de  in  the  air  of  the  patient  room  results  wore  pre¬ 
sented  in  Table  5.  Airway  resistance  ir.  these  subjects  war.  not  influenced  by  the 
difference  of  weather.  Therefore  the  relationship  between  the  airway  resistance 
and  the  content  of  sulfur  dioxide  in  the  air  shall  be  analysed  simply. 

Three  of  four  patients  in  this  stud1  shewed  choir  airway  resistance  values  mostly 
in  normal  range,  (under  2.0  on  KgO/L/Suo).  Consequently  a  aoepari  sor.  between  air¬ 
way  resistance  and  content  of  £,ulf>.:r  dicxide  right  net  be  xdecuatc . 

However,  patient  M  l.\  *5  of  age.  slight  oevr.ro  c-xto)  mowed  marked 

variety  of  the  airway  resista-rco  value,  a-  ther :  was  a  posits  **  correlation  bit- 
wean  die  airway  resistance  va_v.s  end  rail.;:  di:j.:.de  content  in  the  air'  -ns  shown  in 
Fir.  j.,  Correlation  coei f b.ic-t  between  the:.:  was  -O.tt. 


Discusoioo 


The  airway  rscisoance  a:  song  no -am?:..!  subje*  vss  mostly  und.r  2.0  (cm  U2O./I/ 
sec)  with  small  variat ion  sinrgortinr  the  r:-b]u  respiratoiy  tract.  On  tiro  ether- 
hand,  the  airway  resistance  amoi.g  asMinatic  patients  distributed  in  wide  range. 

The  number  of  cases  with  airway  resistance  of  more  tran  2.0mm  H^O  wan  3  !■  9  of 
mild  cases  in  severity  and  6  ir.  9  of  ssvere  cases  suggesting  u  good  correlation 
between  tbs.  airway  res;  stance  and  the  ~ov?rily  rf  the  disease- 

Chang*  c  of  air. ay  ;vs<  rhrr.sz  bef err.  and  sfeer  inhalation  of  sulfur  dioxide  in 
short  rvs:-i vj  were  marked  it  tin  arouu  of  as: h ratio  patiant.-.  at  1,  13  ar.d  20  pen  in 
the  air  respectively,  whale  norm]  subject s  ohowee  no  .h  a.ir-  j  with  13  ppn.  This 
suggests  that  an  asthmatic  vj%;k  it  is  cer.eitive  to  sail  fur  •ui-'x.u’.e  by  inhalation  as 
to  acetylcholine  or  hire. a.uine  ( • 

Sulfur  dioxide  in  the  atmospheric  air  was  t.iougl.’:  v.o  l.iflueuce  gr.  arthnatic 
patient  even  with  the  c.uall  coutsrt  as  expense  period  ir.  long. 

The  airway  resistance  varied  every  day  in  lour  patients  during  the  period  cf 
this  study.  Three  of  them  were  mostly  remaining  in  nonal  range  heaver.  Only  one 
patient  showed  marked  variation  during  the  period  reflecting  the  content  of  sulfur 
dioxide  in  the  air.  This  patient  shoved  a  positive  correlation  between  his  airway 
resistance  and  atmospheric  sulfur  dionade  content.  This  is  a  good  evidence  that 
sulfur  dic-ide  in  the  atmospheric  air  _nfluences  to  the  obstr active  dirturbance  in 
an  asthmatic  patient. 


4.  In  the  inhalation  test  of  sulfur  dioxide  in  short  period  airway  resistance  of 
asthmatic  patients  increased  •.urkenly,  while  FHVj  of  same  pa-  lent s  showed  no 
significant  change.  This  is  probably  duo  to  the  fact  that  the  maar-va*  rnent  of  ain- 
way  resistance  is  more  sensitive  than  the  tv?. pure  cent  of  FFV  which  require?  the 
cooperation  of  the  subject. 
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Sunmary 


1.  Fifteen  normal  subjects  and  eighteen  asthmatic  patients  were  tostsd  by  spiro- 
graphy  as  well  as  body  plethysmography,  and  changes  of  airway  resistance  before 
and  after  inhalation  of  sulfur  dioxide  in  three  and  six  minutes  were  followed  and 

analysed. 

Variation  of  airway  resistance  among  normal  subjects  ranged  between  1.5  and 
2.4  (cm  HoO/l/sac)  with  a  mean  of  1.85'  ±  0.2  (S.D.),  while  in  asthmatic  patients 
it  ranged  between  0.9  and  3.8  with  an  average  of  2.03  ±  1.67  (S.D.).  Airway  re¬ 
sistance  was  higher  in  moderate  or  severe  cases  of  disease  than  in  mild  cases. 

Asthmatic  patients  showed  increased  sensitivity  to  sulfur  dioxide  at  5,  13 
and  20  ppm  in  the  air  during  the  period  of  three  and  six  minutes  inhalation  while 
no  change  was  recognized  at  13  ppm  in  the  group  of  normal  subjects.  FEVj_>0^  ast^“ 
tic  patients  showed  no  change  when  airway  resistance  varied  markedly. 

2.  A  correlation  between  daily  variation  of  airway  resistance  and  daily  changes 
of  the  atmospheric  sontent  of  sulfur  dioxide  was  noted  in  a  mild  asthmatic  subject. 
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Pic.  I  Apparatus  for  Maasureaent  of  Airway  Resistance 

A  subject  alts  inside  a  body-pletfeysao graph  with  its  plastic 
done  open,  the  body-plethyaao graph  oan  be  aede  airtight  by  closing 
the  dons. 
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Pig.  I  The  Mixing  ■echaniau  of  sulfur  dioxide  Into  ike  sir  and  inhalation 
technique  of  mix  the  air  to 
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Ix  The  oeaairement  of  the  concentration  of  sulfur  dioxide  i>,  the  air 
tnr.  atmospheric  air  of  a  patient-room.  i  the  air 
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.  „  f1**  in  Airway  Resistance  on  Asthmatic  Patients  responded  to  the  Inhalation 
of  Sulfure  Dioxide  Ghs 


Patient, 


Normal  Subject 
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Table  2  Results s  ol’  Long  Function  Tests  on  Asthmatic  Patients 


Airway  Resistance  (cm  HgO/l/sec.) 


Table  3. 


Case  Distridutior.  of  Aiivay  Resistance  between  Different  Groups 
of  Severity 


Severity  of  Disease 

* 

Hi Id  Cases 

Moderate  Cases 

Less  Than 

2.0 

6 

3 

Over  Than 

2.9 

3 

6 

Note!  One  of  Severe  Case  wao  ir. eluded  in  tho  Colunn  cf  Moderate  Cases. 


15 


jy| 


Table, 4*  Changes  of  Airway  Resistance  fixer  Inhalation  of  Sulfur  Dioxide  in 

Asthmatic  Patients  and  Normal  Subjects 


PAST  n. 

CHANGES  IN  MECHANICAL  vt^pEHTIES  OP  GUINEA  PIG  IN  EXPERIMENTAL  ASTHMA  INDUCED 
BY  ACETYLCHOLINE  OR  HISTAKnw: 


Since  the  shock  organ  of  guinea  pigs  is  lung  *nd  inhalation  of  aerosols  of 
histamine  or  acetylcholine  causes  respiratory  changes  resembling  to  the  human 
asthmatic  attack.  Cuinea  pigs  has  been  uses  to  investigate  the  effects  of  various 
drugs  for  bronchial  asthma.  Changes  of  aechar-i<>*l  croperties  of  the  lung  in  ex¬ 
perimental  asthma  was  reported  almost  identical  to  tno»c  .»»  human  asthmatic 
attacks. 2)  However,  the  changes  in  relation  to  doses  of  aiminirt"":!.  nan 

not  been  well  studied. 

The  aims  of  this  study  are  (l)  to  know  how  mechanical  pro pert ien  of  the  lung 
of  guinea  pigs  change  in  relation  to  doses  of  administered  histamine  or  acetyl¬ 
choline,  (2)  to  know  which  of  measurement  will  be  appropriate  to  represent  experi¬ 
mental  asthma. 


METHODS 

Cuinea  pigs  was  anesthetized  with  ether  and  a  polyethylen  catheter  1.2mm  D.M. 
was  Introduced  into  the  right  middle  intrapleural  space,  and  placed  in  the  body- 
pi  ethysmograph  according  to  Amdurs  method1)  as  shown  in  Fig.  I.  Intrnplaural 
pressure  was  transmitted  to  a  pressure  transducer  (Sanborn  Moic.1  2668)  through 
the  intrapleural  catheter  whioh  was  filled  with  saline  solution.  Airfl rs  wne 
c.ef-3ureC  rn-th  a  mesh  flowootsx  attached  7j.th  plestio  faceir.ask  and  Stathsja  differ¬ 
ential  8 train  gaige  (Model  PM  97).  Volume  was  calculated  by  electicol  integra¬ 
tion  of  the  flow  signal  aith  integrator  (Sanborn  Model  550-37G0A).  Pressure  in 
the  bodypl e thysmograph ,  i.e.,  pressure  applied  around  the  chest  of  u  guinea  pig, 
was  measured  with  Statham  differential  strain  gaige  (Model  PM  *0.*).  Bodyp] 9- 
thysmograph  waa  connected  to  a  oscillating  pump  which  can  supply  sine wave  pressure 
change  of  18  C/S.  These  signals  were  amplified  with  Sanborn  Carrier  Amplifiers 
(Model  350-llOOB)  and  recorded  on  direct  recording  sistems  (Sanborn  Model  9641 )  or 
displayed  on  C.R.O.  (Sanborn  5<>9B  Visoscope).  Pulmonary  compliane.ee  and  pulmonary 
resistance  were  calculated  on  recorded  tracings  following  Neergard  and  Wire's 
method.  Total  flow  resistance  waa  read  by  loops  of  flow  and  bodypl ethysmograph 
pressure  displayed  on  C.R.O.  which  were  photographed  v~  Sanborn  earner",  following 
Mead's  oscillating  method  modified  by  Swann,  et.  al.,v  as  described  this  semi¬ 
annual  report. 

Minute  volume,  work  of  respiration,  frequency  of  respiration  and  ratio  of 
expirinm  to  inapirium  were  calculated  on  the  recorded  tracings.  In  some  experi¬ 
ments  we  measured  approximate  changes  in  cheat  volume  using  a  pneumograph  around 
the  lower  thorax. 

After  recovered  from  either  anethesia,  aerosols  of  histamine  or  acetylcholine 
solutions  was  inhaled  to  a  guinea  pig  for  3  minutes.  The  concentration  of  inhaled 
solutions  were  doubled  serially,  ranging  from  0.16  to  20.0mg/ml  of  histamine  and 
from  2.5  to  80.0  ag/ml  of  acetylcholine.  Measurements  were  carried  out  immediate¬ 
ly  after  the  inhalation.  In  caee  pulmonary  compliance  decreased  after  ca  inhala¬ 
tion,  the  next  inhalation  waa  postponed  untill  compliance  value  returned  to  the 
standard  value. 
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RESULTS  AKD  DISCUSSIQH 

fig.  II  shows  change*.  la  pulmonary  compliance, (CL)pulmonary  resistance,  (R0 
total  respiratory  resletance, (“Tiwork  of  breathing,  respiratory  frequency,  minute 
volume*  ratio  of  expiriua  to  arpirium  for  various  concentration  of  inhaled  hista- 
mine.  *  .  rl.  60(1  Rr 

increased  abruptly  with  histamine  inhalation  at  the  time  of  shock  as  ouch  as  twice 
the  control  value,  while  they  presented  no  definite  tendency  ii^change,  fluctuating 
around  the  control  values,  until  shock  occured.  Though  animals  presented  dyspneic 
appearance  by  increasing  doss  of  inhaled  histamine,  there  was  dound  frequently  no 
definite  increase  of  resistance,  both  pulmonary  and  total.  Guinea  pigs  died  some¬ 
times  in  shook  when  the  resistances  increased  as  to  double  of  control  value. 
Pulmonary  compliance  began  to  decrease  on  inhalation  of  histamine  with  the  concen¬ 
tration  around  one  sixteenth  of  shock  concentration.  Beyound  this  concentration 
almost  linear  relationship  was  found  between  Ci_  and  logarythm  of  histamine  concen¬ 
tration.  Since  oompliance  beyan  to  decrease  earlier  than  other  measures,  it  is 
considered  to  be  good  measurement  to  represent  pulmonary  sensitivity  to  inhaled 
histamine. 

Work  of  respiration  increased  gradually  in  proportion  to  decrease  of  Cl  and 
increase  of  Rl.  Though  minute  volume  was  kept  constant  in  3pite  of  increasing  con¬ 
centration  of  inhaled  histamine,  it  began  to  decrease  at  the  inhalation  of  shock 
ori  of  that.  It  is  considered  that  decrease  of  minute  volume  or  increase  of  work 
of  respiration  is  appropriate  to  represent  dyspnea  of  experimental  asthma,  though 
further  comparative  work  will  be  needed  to  clarify  the  relation  between  dyspnea 
changes  of  pulmonary  functions  during  the  asthmatic  attacks  of  human. 

Frequency  of  respiration  changed  in  preportion  to  the  changes  of  time  con¬ 
stant,  e.i.,  product  of  and  RL.  It  was  maximam  at  the  concentration  of  i  or  | 
of  shock  dose,  and  began  to  decrease  in  accordance  to  the  abrupt  increase  of  R^. 
Ratio  Sxp/lnsp  increased  remarkably  at  shock,  which  has  been  used  as  a  index  of 
experimental  asthma. 

Though  among  the  measures  observed,  pulmonary  compliance  showed  the  most  con¬ 
sistent  change  for  increasing  dose  of  inhaled  histamine,  its  measurement  needs  to 
measure  the  intrapleural  pressure  the  procedure  of  which  hurts  animals  and  conse¬ 
quently  on  long-term  experiments  C(_  with  this  method  can  not  adopted  for  succesive 
measurement  with  relative  long  intervals.  In  this  respect  total  flow  resistance 
measurement  is  considered  to  most  appropriate  to  express  experimental  asthma, 
since  it.  increases  at  shock  as  definitely  as  easy  to  detect  and  is  suitable  to  be 
used  on  long-term  follow-up  study  because  it  dose  not  hurts  animals.  While  RL 
present  the  aame  change  as  R^,  it  can  not  be  used  because  of  the  same  reason  in  Cl. 
Other  measures  such  as  respiraton  frequency  and  Exp/lnap  ratio  changed  at  the  near 
shock,  but  their  changes  did  not  appear  difinite  enough  to  be  the  index  of  experi¬ 
mental  asthma  comparing  to  those  of  Ry. 

Pig.  Ill  shows  the  change  of  mechanical  properties  by  acetylcholine  inhala¬ 
tion.  The  methods  and  presentations  are  identical  to  those  on  histamine  inhala¬ 
tion.  The  results  obtained  on  acetylcholine  inhalation  were  almost  similar  to 
those  on  histamine,  though  an  impression  was  given  that  resistance  began  to  in¬ 
crease  earlier  than  in  histamine  inhalations.  Resistance  began  to  increase  on 
acetylcholine  inhalation  with  half  of  concentration  at  shook.  This  result  might 
suggest  that  in  experimental  asthma  of  guinea  pigs  acetylcholine  cause  coat traction 
of  the  bronchi  more  easily  than  histamine  doe%. 

The  concentration  at  shock  ranged  fromfComg  to$omg  with  the  mean  of  f33  in 
Ach  and  ranged  from 20  mg  to  5  mg  with  the  mean  of  /4  in  histamine.  The  ratio  of 
mean  ach  concentration  to  the  mean  histamine  concentration  was  about  10 ?1.  This 
ratio  was  identical  to  that  observed  la  asthma tie  patients  which  bronchial  sensi¬ 
tivity  was  measured  with  tbs  minimi  dosis  to  owe  10  peroent  decrease  of  F£V  1.0. 
This  finding  was  Interesting  to  suggest  that  pharmacological  affects  of  histamine 
and  ach  might  be  similar  in  the  lung  of  human  and  guinea  pig. 
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Fig.  IV  shows  changes  in  chest  volume,  compliance  and  resistance  in  relation 
to  the  concentration  of  inhaled  ach.  Sometimes  resistance  decreased  temporarily 
on  inhalation  at  ^  or  «  of  the  concentration  at  shock  during  the  course  of  in¬ 
creasing  concentration?  In  order  to  understand  this  phenomenon,  as  speculation 
was  proposed  that  this  decrease  in  resistance  might  come  from  compensatory  in¬ 
crease  in  lung  volume  since  resistance  decreases  in  large  lung  volume. 4/  Contrary 
to  the  speculation,  no  increase  in  chest  volume  was  observed  on  the  inhalation  in 
which  resistance  decreased.  In  this  connection  Nadel  stated  in  experiment  with 
cats  with  histamine  injection  that  the  increase  in  pleural  pressure  and  decrease 
in  compliance  will  tend  to  dilate  airway  and  this  may  account  for  the  decrease  in 
resistance. Purther  study  will  be  needed  to  clarify  these  problems. 

Fig.  V  showed  correlation  between  pulmonary  conductance(l/Hu)  and  total  con¬ 
ductor  (l/Pf-' .  Correlation  coefficients  were  O.64  in  hist,  and  O.69  in  ach.  both 
were  statistically  l  significant  at  the  level  of  1$.  This  results  suggest  that 
measurement  of  Rr  could  be  used  for  that  of  Ru. 


SUMMARY 

Change  of  mechanical  properties  of  the  lung  of  guinea  pigo  was  studied  in  re¬ 
lation  to  dose  of  administered  histamine  and  aoetyloholine.  Total  flow  resistance 
and  pulmonary  resistance  increased  abruptly  at  the  time  of  shock  as  much  aa  twice 
of  the  control  value,  while  pulmonary  compliance  began  to  decrease  on  inhalation 
with  the  concentration  around  one  sixteenth  of  shock  concentration  and  thdree.fter 
almost  linear  relationship  was  found  between  pulmonary  compliance  and  logarythm 
of  histamine  or  aoetyloholine  concentration.  Since  the  measurement  of  pulmonary 
resistance  and  compliance  required  intrapleural  pressure  and  this  procedure  hurts 
animals,  measuremei»t  of  total  respiratory  resistance  is  considered  to  be  appropri¬ 
ate  co  express  experimental  asthma  in  long-term  studies. 
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Fig.  X  Photograph  of  Apparatus. 

A  guinea  pig  waa  placed  in  the  bodyplethysno£raph.  A  polysthylen 
catheter  waa  inserted  in  the  pleural  space  and  connected  to  a  pnssure 
transducer.  Airflow  was  measured  by  a  plastic  mascli-flowmster.  Box 
pressure  waa  picked  up  through  front  tubing.  Oscillating  pressure  was 
supplied  from  a  pump  through  a  rear  rubber  tubs* 
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Pig.  n 

Change  of  Pulmonary  compliance,  Pulmonary  Resistance,  Total  Respiratory  Re¬ 
sistance,  Jtinute  Volume,  Work  of  breathing.  Frequency  of  Respiration.  Ratio  of 
Expirium  to  Inspirlum  in  Relation  to  Various  concentration  of  Histamine  Solution 
Measures  were  expressed  as  percent  of  the  control  values,  itie  concentration 
of  Histamine  was  expressed  as  the  ratio  of  concentration  where  a  guinea  pig  pre¬ 
sented  shock. 
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Fig-  IV  Change  of  Cheat  Volume ,  Pulmonary  Resistance  and  Pulmonary  Compli 

ance  In  Relation  to  Concentration  of  Acetylcholine  Solution, 

Approximate  Change  In  cheat  volume  was  measured  by  pneumograph 
attached  around  the  lower  ohest.  In  inhalation  of  40mg/ml  of  acetyl¬ 
choline  share  resistance  decreased  by  of  oontrol  value,  no 
increase  of  cheat  volume  was  observed. 
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Balatloaahlp  batwwn  l/Pulmsnary  Ztealrtano*  and  l/total  Haapiratorjr 
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FiRT  HI. 

iXFisnci  or  soldi  digxh*  exposure  to  mmiamL  asthma  nr  guihea  pigs 


Sulfur*  dioxide  is  th«  atmosphere  of  urban  araa  haa  baan  ocneidered  to  ba 
ralatad  with  increasing  frequency  of  asthoatio  attack*.  In  o-*der  to  investigate 
thla  relation,  influano*  of  sulfur*  dioxld*  expo aura  baa  baan  atudled  in  various 
aalaals.  In  our  prarioua  report  eensitivity  of  th*  bronohi  to  acetylcholine  was 
investigated  in  guinea  pigs  exposed  to  sulfur*  dioxld*  and  not  exposed, '  Though 
thar*  *a a  found  no  significant  dlffarsnc*  of  bronchial  sensitivity  to  aoatylaholina 
bataaan  than,  oonoluaion  has  baan  xacarvad  since  axparinantal  aathaatic  attack 
was  observed  only  by  the  change  of  alveolar  pressure  pattern  and  this  Mthpd  was 
not  quantitative  enough. 

In  this  study  experimental  asthma  was  quantitatively  cheeked  by  the  increase 
of  total  flow  resistance.  This  paper  was  aimed  at  knowing  whether,  in  guinea  pigs, 
the  exposure  to  sulfure  dioxide  accelerates  the  experimental  athma  induced  by  the 
inhalation  of  hiataaine. 


MATERIALS  AHD  METHODS 


MATERIALS 

Mala  guinea  pigs,  weighing  250  to  500  g,  were  used. 

.lagpurina 

i)  Measurement  of  total  respiratory  resistance 

Total  »eepiratoiy,r*8i stance  was  measured  by  need's  oaoillatlon  nsthod  aodi- 
'  ^  y  Swann  et.  al«.  The  details  in  measureasat'wms  reported  in  Sealsnual 
Report  of  1965.'/  The  principle  is  as  follows  i  in  anlaal  was  placed  in  body- 
plethysaograph  in  which  sinewave  pressure  of  18  oyole  per  second  was  applied 
around  its  cheat.  Total  respiratory  resistance  was  calculated  froa  the  ratio  of 
pressure  change  to  resultant  flow  change. 

ii)  Msasursasnt  of  \ronchlal  sensitivity  to  hletaala* 

.*»  As  describe*  in  tarfanaual  report  of  1965,3)  bronchial  sensitivity  to  hista- 
aine  waa  expressed  ss  H-y ,  1,*.,  the  doe*  of  hiataaine  to  cause  the  increase  of 
total  respiratory  resistance  double  of  the  control  value.  An  was  allowed 

to  inhale  aerosols  of  hiethaine  increasing  their  concentration  until  apparent  shook 
was  observed.  was  calculated  froa  tfc*  doee-reepohe*  curve. 

til)  exposure  to  sulfure  dioxide 

Guinea  pig*  were  exposed  to  sulfure  dioxide  with  concentrations  of  20  end  200 
FF“  F’f1®*  00*  hoar.  Meerrreeavt  of  treqhhm  eeneitivity  to  histealne 

erne  carried  rut  1)  laaedlately  after  th*  first  exposes*  2)  one  day  after  th*  last 

rrSLJt  «“  •applied  froa 

l^jpereentaiiifar  dioxide  eeurue  and  its  ooaoetttratleB  was  asaaursd  by  loealiain 


1  w}tb  concentrations  of  20  sad  200 
sensitivity  to  hist, sal ne 
crposuss  2)  pas  day  after  the  lest 
feUtar  dio^f  ass  sopplied  froa 
tration  was  asaeured  by  loealiain 


RESULTS  AHD  DISCUSSION 


Pig  II  and  III  show  bronchial  sensitivity  to  hiatamins  before  and  after  sulfur 
dioxide  exposure.  The  mean  off  .•  guinea  pigs  waa:  yr'ing/ml  before  the  oxposure 
and  after  the  first  one  hour  exposure  the  mean  EX  was  4$4ag/gl  and  after  the  six 
daily  consecutive  exposures  the  mean  Hi  was  lCtag/ml,  whereas  the  mean  of  f^ur 
controls  were3D4,$A  ,  and  90  mg/ml  at  each  coresponding  occasions.  The  change  of 
Hi  after  sulfur  dioxide  exposure  was  not  statistically  significant  comparing  to 
that  of  control  group.  The  mean  H^  of  e.J  guinea  pigs  was  3. 15mg/rl  before  the  ex¬ 
posure  and  after  the  first  one  hour  exposure  the  mean  Hi  was  3 r 46mg/ml ar.d  after  the 
six  dally  oonsecutive  exposures  the  mean  was  7 .  (<2ng/nL  whereas  the  mean  Hi  of 
oiv’.t  controls  were  3.1,  3.22  and^.  66og/al  at  each  corresponding  occasions.  The 
change  of  h]>  after  the  exposure  was  not  statistically  significant  comparing  to  that 
of  control  group. 

l&ese  results  showed  that  exposure  of  sulfur  dioxide  did  not  influence  bron¬ 
chial  sensitivity  to  histamine  in  guinea  pigs,  taking  tfc*  apparent  increase  of 
total  respiratory  resistance  as  a  index  of  experimental  asthma.  They  coincided  the 
results  reported  in  our  previous  report. 2)  As  described  in  our  previous  report, 
the  polluted  atooophare  of  the  Tokyo -Yokohama  area  increases  the  incidence  of  re¬ 
spiratory  symptoms  such  as  coughing,  sputum  production,  throat  irritation  and 
pulmonary  function  disturbances,  while  there  was  no  increaoed  incidence  of  airway 
obstructive  diseases. 1)4)  it  is  considered  from  the  rosulte  obtained  in  this  study 
that  airpollution  including  eulfur  dioxide  might  have  little  part  in  the  ethiology 
of  bronchial  asthma,  though  it  causes  symptoms  in  asthmatic  patients  os  shown  in 
the  following  flection  of  this  report. 


KMCABT 


Tho  influence  of  sulfur  dioxide  exposure  to  experimental  asthma  was  studied 
in  guinea  pigs,  measuring  bronchial  sensitivity  to  hiotarine  by  the  change  of  total 
respiratory  resistance.  No  significant  change  of  bronohial  sensitivity  to  hista¬ 
mine  was  observed  among  the  groups  exposed  to  sulfur  dioxide,  comparing  to  that 
not  exposed.  The  results  give  us  on  impreesion  that  the  air-pollution  cl  ,-ht  be  one 
of  the  aggravating  factors  of  bronchial  asthma  but  have  little  role  in  the  etiolo- 

tar. 
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CONCENTRATION  of  HISTAMINE 


Fig.  I;  Change  of  Total  Respiratory  Resistance  in  Relation 
to  Concentration  of  Hietisrins  Solution  Inhaled. 

Bronchial  sensitivity  to  hist  urine  was  represented  by  Hi,  the 
concentration  of  histasrine  solution  which  was  asnussd  to  be  required 
to  cause  200  percent  increase  of  total  respiratory  resistance  on 
the  dose  -  response  relation  curve. 
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Fig.  III.  Change  of  Bronchial  Sensitivity  to  HiatM&na 
after  7  Daily  Exposures  of  Sulfur  Dioxide 


(left)  Exposure  of  20  ppm, 

(right)  Exposure  of  200  ppm. 


Acoording  to  those  restate,  the  influence  of  sulfur  dioxide  exposure 
to  experimental  aettaa  was  studied  in  gnlnea'pige,  measuring  bronchial  sensitivity 
to  histamine  by  the  change  of  total  respiretoi7  resistance,  However,  no  significant 
change  of  bronchial  sensitivity  to  histamine  mas  observed  among  tl»  groups  exposed. 
The  results  give  us  an  iag>ression  that  the  air-pollution  might  be  one  of  the  aggra¬ 
vating  factors  of  bronchial  asthma  but  have  little  role  in  tim  etiology.  (Author) 
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Jeot-X*  Fifteen  normal  subjects  and  eighteen  asthmatic  patients  were  tested 
.by  spirography  and  body  plethysmography,  and  changes  of  airway  resistance  before 
7  and  after  inhalation  of  sulfur  dioxide  in  three  and  six  minutes  were  followed  and 
analysed.  .  ~  v-  >>•  • 

„•  The  mean  of  variation  of  airway  resistance  was  1,85  in  normal/sub¬ 
jects  and ^24)3  in  asthmatic  patients,  and  S.D,  of  variation  of  that  was ($0.2  in 
foraar  and  ^6?  in  latter.  Airway  resistance  was  higher  in  moderate  or  severe 
cases  of  disease  than  in  mild  oases. 

Asthmatic  patients  showed  increased  sensitivity  to  sulfur  dioxide  at 
5,  13,  20  ppm  in  the  air  during  the  period  of  three  and  six  minutes  inhalation 
while  no  change  wes  recognized  r+  13  pp»  in  the  group  of  normal  subjects,  A 
correlation  between  daily  variation  of  airway  resistance  and  daily  changes  of  the 
atmospheric  content  of  sulfur  dioxide  was  noted  in  »l  asthmatic  subject. 


PamArfl.  In  experimental  asthma,  change  of  mechanical  properties  of  the  lung 
of  guinea  pigs  was  studied  in  relation  to  dose  of  administered  histamine  and 
acetylcholine .  Total  flow  resistance  and  pulmonary  resistanos  increased  abruptly 
rl  the  time  of  shock  as  much  as  twice  of  the  control  value,  while  pulmonary  com-  , 
Hence  began  to  decrease  on  inhalation  with  the  concentration  around  one  sixteenth  | 
of  shock  concentration  and  thereafter  almost  linear  relationship  wac  found  between 
pulmonary  cocplianoe  and  logarithm  of  histamine  or  acetylcholine  concentration.  (  ) 
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